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ENDODONTIC TREATMENT SYSTEM smaller ground-flute instruments, it creates file tips which 

are too stiff and inefficient in the lamer sizes. 
BACKGROUND OF THE INVENTION Unfortunately, even ^uJUta files are often no, 

1. Field of the Invention strong enough to withstand the tremendous apical forces 
The present invention relates generally to endodontic 5 which dentists bring to bear when attempting to negotiate 

instruments and, more particularly, to root canal files or calcified canal orifices. As they are pressed into the pulp 

reamers used in the cleaning of material present in the root chamber floor in an attempt to get a "catch" in a calcified 

canal of a human tooth and for enlarging and shaping the canal orifice, these ISO tapered #15 files often buckle, 

root canal so that it may be prepared for filling and also to requiring their disposal and the use of yet another tf 15 file, 
the materials necessary to dry, fill and restore the prepared 10 U is typical that dentists will destroy 10-20 #15 files before 

channels. they can sneak to the end of these difficult canals. 

2. Description of the Related Art Another problem countered when using negotiation files 
A relatively common but difficult dental procedure is the of small diameters is the relatively Urge jump in tip diameter 

cleaning, shaping, and filling of the root canal of a patient's 1S between #10 files and #15 files, a change of 50%. Schilder 

tooth. In the performance of a root canal procedure, a hole has addressed this problem in his U.S. Pal. No. 5,017,138 

is first cut in the crown or exposed portion of the tooth, ^ htc ^ describes ISO tapered files with tip diameters which 

typically either in the biting surface of the tooth, for poste- increase proportionally in size, providing a series of files 

rior teeth, or in the side of the tooth on the interior of the jaw wth tip sizes 0.10, 0,126, and 0.067 mm in diameter, 

for incisor teeth. Small endodontic instruments known gen- 2Q Maiilefer manufactures a non-proprietary file set with half 

erally as root canal files arc then used to clean out the sizes m these smaUcr instruments, providing clinicians with 

material present in the root canal, and to impart a tapered sizcs °- 01 ; O.X25 t 0.15, 0.L75, etc., so that progressing 

shape to the root canal so that filling material may be between sizes #10 and #15 files is easier, 

inserted into the root canal to seal it. An example of such an Root canals are seldom straight and there is always the 

instrument, also called a broach, is shown in U.S. Pat. Dcs. a possibility of causing irreversible damage to roots during 

No. 250,544 of Leonard. shaping procedures, depending on the thinness of the root 

Two types of instruments are in general use as root canal and severity and with 0.15-0.60 millimeter up sizes being 

files, namely the K-type instrument and the Hedstrom instru- mos * commonly used. Both the K-typc and Hedslrora files 

ment. The K-type instrument is an axially twisted and manufactured to ISO standards, whether twisted or lathe-cut, 

tapered, triangular or square cross-sectional shaft providing 30 ? avc flute pilches and frequencies which vary little or none 

three or four spiral cutting edges along the tapered shaft and ^ ^° mt , sizcs ( lar &0. but quite a bit in other sizes (small), 

a conical tapered tip on the end thereof. An example of a variation in flute angle or pitch is most perpendicular to 

K-typc file is disclosed in US. Pat No. 1,307,446 0 f Kerr. * e lo °g of lh * filc nca ' lhc sban* end, changing to a 

K-type files have recently come to be manufactured with lcssor an &l e (more in line with the bog axis) as the flutes 

lathe-cut flutes as well The Hcdstrom-type instrument is a 35 approach the file tip. Only one file has flute angles which 

lathe-cut file having a round tapered shaft with one, two, or var 7 in lhc opposite manner, a file disclosed in U.S. Pat. No. 

three spiral cutting flutes machined into the shaft all the way 4,674,979 by Jacklich, an ISO-tapered file, 

to the tip. The main difference resulting from the construe- The reason for Jacklich 's file design is that ground-flute 

tion of the two types of files is that the K-type file wfll cut instruments are not strong enough or stiff enough in the 
in either rotational direction, or when moved up and down, 40 smaller sizes. Ground-flute instruments have their flutes cut 

while the Hedstrom-type file will cut best when moved up into tapered wire blanks which are round in cross-section, 

and down in the root canal. This results in the flutes being cut across the grain of the 

When a root canal is being cleaned and shaped, a series metal, thus achieving less strength than twisted-flute files, 

of files having increasing diameters is used to gradually Twisted-flute files are formed by first grinding a tapering 
enlarge the root canal. The files are held between the thumb 45 cross-sectional shape that is triangular, square, or rhomboi- 

and forefinger of one hand by the dentist Each file in a set down the length of the wire, in line with the metal grain, 

of the known prior art has an identical taper from one end to Then this tapering wire blank is twisted, causing the corners 

the other. For example, in a typical K-type file set the taper of the tapered wire blank to become spiral cutting flutes, 

is 0.32 millimeters on every file over the standard 16 mm Because of the twisting process, the metal grain is thus 
length of cutting flutes, or 0.02 mm of taper/mm of flute 50 aligned with the helical cutting flutes, 

length. This taper is sometimes referred to as a standard ISO Although stainless steel ground-flute files are of accept- 

(International SUndards Organization) taper. Although these able strength in ISO sizes #20 and larger, they are of 

file sets have identical tapers, they come in a number of inadequate strength in size #*s 06, 08, 10 and 15. In these 

sizes. The size number characterizing the file is the diameter smaller sizes only the twisted-flute instruments are stiff 
of the file at the tip in hundredths of a millimeter, and the 55 enough, with a short #15 file being typically used to initially 

diameter of the file at the large end is thus 0.32 millimeters penetrate coronally occluded canals. Jacklich has attempted 

greater than this tip diameter. A complete set will include to circumvent this problem in his ground-flute Hedstrom- 

sizes 06, 08, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, type files by creating a location of the root curvatures. If too 

80, 90, 100, 110, 120, 130, and 140, while sizes 08-60 will large a filc is advanced too far into a curved root canal, it 
typically be used. Some manufacturers make certain half- 60 may easily cut through the side of the root, which is referred 

sizes, or off-standard sizes. to as a perforation of the root, and usually the tooth must 

Hedstrom-type instruments similarly come in sets of then be extracted, 
increasing size, typically from 0.10 to 1.40 millimeter tip Another cause of root perforation is the inadvertent in t re- 
size, flute pitch angle which increases as the instrument tip duction of large engine-driven Gates-Glidden or Peezo burs 
is approached, thereby decreasing (he depth of the flute 65 into the middle third of thin, curved roots. Quite often, when 
spaces and increasing the mass of metal in the more fragile these burs are new and sharp, the operator win intend to use 
tip region. While this feature does add strength to the tips of one of the larger sizes only at the orifice of the canal but will 



3 4 

helplessly watch the bur grab the canal walls and pull itself clockwise direction of the flutes causes the file to back out 

into dangerous depths in the root. of the canal when it is counter-rotated, the file tip lends to 

While perforation is probably the worst outcome of center in the canaljust before it cuts, if the apical force being 

mistakes in shaping procedures, there is a more common applied to the handle is great enough to keep the file in place, 

problem in near-perforations and root weakening caused by 5 In addition, Roane determined that straight ISO-tapered files 

overzealous widening of the canal preparation. It is well ca <* be used in curved roots without risk of perforation as 

documented in the endodontic literature that adequate shape lon & rotary cutting motions are used and push-pull 

in the cervical two-thirds of the canal preparation is man- motions are avoided. Thus, aggressive rotary shaping of 

dalory to accomplish adequate cleaning of the canal, to curved canals with unbent ISO-tapered K-lype files can be 
provide necessary control of instruments in the delicate *° accomplished without lodging or perforation of the canal 

apical regions of the canal, and to effectively obturate the walls. 

whole root canal space. However, it is difficult to determine While thus filing motion would aid the use of variably- 

the fine line between creating adequate access and danger- tapered K-type shaping files with their challenging full- 

ous over-instrumentation, as all of these procedures arc length engagement of the canal walls, it became apparent 
accomplished in microscopic root canal systems that arc 15 during my testing that as files were given greater tapers, they 

hidden from direct view. became more likely to perforate curved roots, due to the 

Furthermore, if the tip of the file docs not follow the incre asiog stiffness attendant with the larger shaok diameters 

curvature of the canal and bores a passage branching out of lnc morc tapered files in the scries. Additionally, the 

from the root canal, which is referred to as ledging, surgical standard "hour-glass" file handle disclosed in Roane's 
correction of the problem is often necessitated. It is thus 20 patent, while not ideal for rotary cutting techniques with 

apparent that the art of root canal shaping is one which ISO-tapered files, is actually inadequate, due its shape 

requires great skill to prevent damage to the tooth and to (designed for push-pull filing motions) and narrow diameter, 

create a tapered canal preparation conducive to ideal filling for rolarv cutting with files of greater taper. The SAFE 

of the canal. EDGE™ feature, while eliminating lateral root perforation 
The technique used with a conventional set of files having 25 ™ hcn "^S push-pull filing motions, by definition excludes 

identical tapers to clean and shape the root canal is referred thc of rational cutting motions, as the safe-edge would 

to as the "step-back" technique. Aseriesof file sizes from 08 th * n mo vc t0 aU surfaces of thc caoal, thereby negating the 

to 60 (12 instruments) are introduced into the canal from safcl y Nature's function in curved roots, 
smallest to largest with each successively larger file being ^ Other prior art to be mentioned here is that relating to the 

used further back from the end of the canal. Additionally, non-standardized nature of conventional irrigation cannulas, 

between 4 and 6 sizes of Gates-GIidden or Peezo burs are paper points, gutta percha points, obturation carriers, obtu- 

similarly used in this step-back manner comprising a total of ration pluggers, beat carriers, backfillers, and restorative 

16 to 18 instruments. post systems when used in the creation and treatment of 
This technique is, at best, a difficult and time-consuming ^ ta P crcd root canal preparations. Existing irrigation cannulas 

method as thc dentist must indirectly gauge the rate of taper arc P*raUel-sided t with different designs of opening at their 

in the preparation by the distance interval of step-back of the ti P*- m ^ to wash the inside of root canal systems 

progressively larger instruments as they fit further back from ^ solutions with the intention of debriding, disinfecting, 

the canal terminus. As only the ISO taper of 0.02 mm/mm and cleansing the canal space prior to sealing it. 
is currently available in standard sizes to dentists in files, ^ Unfortunately, these ungating cannulas are limited in their 

irrigation cannulas, condensation pluggers, heat carriers and abilil y ,0 clean ™ c cnds of root canal systems as they are so 

injection needles, paper points, filling material, and restor- sma11 m dieter. Research to date shows that irrigating 

ative posts, thc current shift to caiial preparations of greater cannulas are only effective to the extent that they can 

taper has created great difficulties for dentists who want to penetrate the canal usually to midroot, leaving the important 

enhance their root canal shaping objectives. The skills 45 *P ical tbird of lhc canal unaffected, 

required, with these relatively non-tapered instruments and Dentists are able to overcome this problem by the use of 

materials, to create conservative but adequately tapered small patency files which are used to clear debris from the 

shapes in root canals and to easily and ideally fill them end of the canal, but which also displace iirigant from this 

usually comes only after treating hundreds of clinical cases. apical region of the canal during its use, allowing fresh 

In my prior VS. Pat. No. 4,836,780, 1 disclosed a solution 50 irri 8 ant back inl ° the a P Ical tc & oa * itr We ' s wil °- 

to this shaping problem which involved a series of tapered drawal. As the files are relatively untapered (ISO 0.02 

files with Hedstrom flutes to be used in a push-pull motion, mm/mm) this irrigant exchange is limited, 

the files having a SAFE EDGE™ or non-cutting surface When the canal has been cleaned and shaped, it is dried 

along one longitudinal side of the instrument. While these with absorbent paper points of varying size and taper. In 

variably tapered instruments can create continuously tapered 55 canals which have been tapered with buis and files in a 

root canal preparations, they are extremely difficult to pull step-back fashion, it is often necessary to use several dif- 

out of the canal by hand because the whole length of the ferent sizes of paper points to dry the whole length of the 

cutting flutes is engaged in the canal, as opposed to standard canal, small paper points apicafly, larger paper points for the 

ISO Hedstrom files which arc relatively untapered, engaging middle of thc canal, and sometimes even larger paper points 

less canal length during shaping, and therefore easier to use so *° r tDe cervical region of the canaL Furthermore, as the 

in a push-pull fashion. tapers of the paper points seldom match the taper of the 

In his U.S. Pat. No. 4,536,159, Roane disclosed a new, canals, there may be moisture left on parts of the canal walls 

more effective method of manipulating ISO-tapered K-type a &« drying procedures. 

root canal files, wherein the file is lightly rotated in a There are several methods of sealing root canal systems, 

clockwise direction to thread the file into the canal, after 65 most of them using a rubber-like material called guUa 

which, with apical force applied, the file is counterclockwise percha. When used as a tapered gutta percha cone, this 

rotated to cut and ptane the canal walls. Because the material is compacted into the canal with pluggers, or the 
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guita pcrcha material may be placed as a coating on an from the cleaning, shaping and filling technology discussed 
obturating carrier, which is warmed to soften the gutla above in nine respects. 

percha and placed in the canal, with the carrier compacting first, rather than using a large scries of files of diffcriog 
the material into the canal space. sizes but the same taper, as is the case when using standard 

Currently, the shapes of filling materials and obturating * ISO-tapered files, the present invention often allows full root 
carriers do not match the tapering shapes of prepared canals canal shaping to be accomplished with as little as a single 
either. When the step-back technique of canal shaping is file from its set of variably-tapered shaping files, 
used, the final shape of the canal preparation can only be Second, instead of indirectly creating a tapering canal 

discerned indirectly, by the increments that each larger preparation with the difficult and time-consuming serial 
instrument fits further back from the terminus of the canal, io stcp . back s h ap j Dg technique necessary with ISO-tapered 
a difficult skill learned only after much experience. As the fii CSt mc present invention requires only that the shaping file 
prepared taper is often obscure to the clinician, it is likewise or fi lcs bc wor k e d to the terminus of the canal, thereby 
difficult to pick an appropriately tapered gutta percha point completing the preparation, 
or obturating carrier with which to seal the canal. If the w ^ .^.^ ^ ^ ^ 

selected obturatmg device or gutta percha ^ point is too « ncgolialioQ filcs , aUowing oprima|ly varicd sliffocs L s Lhe 
tapered, they will bind in the canal short of us terminus, of mc instruracnts * mc ^ incrcasc m diamctcr 

causing the cniciai apical seal to be inadequate, allowing Furlncrmorc , lhcsc filcs of incr e asiog lap cr bavc small even 
leakage and failure of the endodontic treatment. If the incrcascs m {{ diamc(cr ^ mQrc ncgolialion 
obturatmg carrier or material is too narrow, little hydraulic tQ {hc tcrmiQl £ of nnA ^ ca * aU , g 
pressure will be exerted on the filling materials in the 20 _ . . 

cervical two-thirds of the canal during condensation . Fourth, mcreasing tapers of these files can be used without 
procedures, and lateral or accessory canals in that region of creasing risks of root perforation or weakening, by pro- 
the canal may not be sealed, again increasing the chance for 8 rcssivcI y shortening the cutting flute length as the files 
failure of treatment. bccomc morc ta P crcd 

While there are many techniques of filling root canals, it 25 ™ m ' °° c vcrsion o£ lhcsc la P" cd filcs . c " bc f Eciently 
is generally recognized in the field of endodontics that those «■* rotar y . CUUl . n S fl rao, T s L WI ' h ° ul ">««sed 

methods which warm and soften the gutta percha tilling *> Ihcir vancd flute pitch and sharpness along 

material, aUowing it to be thoroughly compacted into all the mc lcn * lh of mc ""truracnts. 

nooks and crannies of root canal systems, are superior to Sixth . function of these files in curved canals is also 
those techniques which do not thennoplasticize the gutta 30 g»«cd through the use of nickel-titanium (Nitinol™), an 
percha prior to condensation. aD °y which «xhibils extreme flexibility and elastic memory. 

The classic technique was described by Schilder in 1969, Seventh, the present invention differs significantly from 
vertical condensation of warm gutta percha. In this tech- prior art in the pear-like shape of the file handles, a design 
nique an appropriately tapered gutta percha cone is fit and „ which enhances the application of pushing and rotational 
. cemented in the prepared canal, after which a flame-heated forces to the file by the dentist's fingers, 
or electrically-heated gutta percha heat carrier is used to sear The eighth improvement over existing art is the provision 
off the gutta percha cone at the orifice level of the canal. By of irrigating cannulas, paper points, filling materials and 
pressing the softened gutta percha into the canal with an instruments, and restorative posts which are contoured to 
appropriately sized vertical condensation plugger, the first ^ match the pre-defined canal preparations created by the 
wave of condensation is initiated, filling any lateral canals variably-tapered shaping files, thereby matching corre- . 
present in that region in the primary canal. The heat carrier sponding ones of the shaping files, 
is then reintroduced into the canal, penetrating the gutta rTuith, me present invention mcludes a technique whereby 
percha several millimeters, heating the apical mass, and cana is can be more simply ideally obturated in all their 
removing a portion of it so that the next wave of conden- ^ complexity with the aforementioned tapered filling instru- 
sation may occur deeper in the rooL These heating and m ents and materials used in a single inward wave of 
compacting cycles continue until the final wave of conden- condensation, followed by a single backfilling wave to 
satioo which ends 5-7 mm from the canal terminus. complete the fill if a post is not to be placed in the canal. 

Typically it takes 3-7 waves of condensation .to reach this with regard to the first two features of the present 
end point. At this point the clinician must either place a 50 invention, several advantages over the art arc achieved by 
retentive post in the coronal canal space or backfill it with using variably-tapered files. The purpose of endodontic 
gutta percha. Backfilling can be done by heating S-8 small shaping procedures is to create a continuously tapering 
pieces of gutta percha and sequentially packing them into preparation which is narrowest at the end of the canal, and 
the canal, or by syringing alloquatcs of pre-heated gutta widest nca r the crown of the tooth. By using files that vary 
percha from a gutta percha gun and compacting them with 55 in their tapers, it has been determined that root canals may 
pluggers. Downpacking with multiple waves of condensa- often be prepared by using a single shaping file instead of the 
tion and backfilling in the manners described require at least \s to 18 files required by conventional ISO-tapered instru- 
7-10 different instruments, fairly extensive training of the ments. While it is readily apparent that the use of only one 
dentist and chairside assistant, and 15-30 minutes of clinical tool instead of 16 to 18 tools is desirable from a standpoint 
time. Furthermore, these condensation pluggers and heat « of efficiency, it should also be noted that the present inven- 
canierslack a correlating mechanism to match their sizes to tion provides ideal root canal shaping results with less 
the taper of the canal preparation. training and experience. Rather than creating a tapered canal 

ctnurxviADv nc tuc TMvrxrnnM sha P c bv ^ difficult and time-consuming step-back 

SUMMARY OF THE INVENTION technique, the present invention simply requires toat a 

The disadvantages and limitations of the background art 65 shaping instrument of appropriate taper be worked to the full 
discussed above are overcome by the present invention. The length of the canaL In addition to the greatly improved ease 
present invention differs significantly and advantageously and simplicity of shaping canals with a single instrument,' 
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Ihis provides, for ihc first time, a pre -defined shape through- endodontics, enlargement of the coronal two-thirds of a 
out the full length of the canaL One of the most important canal to an extent that is exactly adequate to clean the tiny 
advantages provided by pre-defined root canal preparations apical regions of the canal and to maintain control of shaping 
is the resultant ability to optimize cleaning and filling and filling instruments in that region, but not a bit larger. The 
procedures in root canal systems. Since the design of files 5 present invention includes this feature applied to the 
taught by the present invention involves different tapers, the variably-tapered Hedstrom- flute shapiog file shown in my 
tips of the shaping files are not used to cut a path in the canal U.S. Pat. No. 4336,780 and to all other types of shaping 
as in files with standard tapers. Whereas standard ISO file instruments as well, whether they are used by band or with 
sets have the same tapers but increasing tip diameters in the sonic, ultrasonic, or mechanical handpieces, 
sequence of files, the tip diameters of a set of shaping files 10 Fifth, safety and cEGciency when these shaping files are 
constructed according to the present invention may be the used with rotary cutting motions is gained in the present 
same between files of different tapers. There may also be invention by longitudinally varying the pitch and relative 
different sets of these shaping files which differ in their tip sharpness of cutting flutes. When shaping files are used with 
diameters, i.e. one set of shaping files with tapers of 0.04, rotary cutting motions two primary problems arc 
0.06, 0.08, 0.10, and 0.12 rara/mm and the same 0.2 mm tip 15 encountered, potential for breakage and slowness of cutting, 
diameters; another set of shaping files with the same range This is overcome in the present invention by varying the 
of tapers but with 035 mm tip diameters, etc. And finally, flute pitch from an in-line reamer-like angle at the shank end 
the present invention includes sets of shaping files with of the instrument to a more perpendicular K-lype flute angle 
similar non-ISO tapers which vary by evenly or proportion- at the file lip. Instead of, or in addition to the above, the 
ally increasing tip diameters. 20 rc ^ at > vc sharpness of the cutting flutes is varied along the 

The third difference in the present invention is the pro- length of the files, being sharpest at the strong shank end to 
vision for variably-tapered negotiation instruments with allow for aggressive cutting by the wider flutes, and dullest 
even or proportional increases in tip diameters. This file set near the smaller, more fragile tip of the file so these flutes 
has tapers which range from 0.1 mm/mm to 0.5 mm/mm, can easily release from the canal wall during rotation, 
thereby imparting twice the usual stiffness in the critical 25 thereby preventing file breakage which can occur when the 
initial negotiation file with a 0.15 mm tip diameters. After lip binds. 

the canal has been penetrated to midroot by the rigid Sixth, functional safety when using tapered shaping files 
0.04/0.15 (taper/tip diameter), the dentist can either progress in curved canals is enhanced through the use of the alloy 
downward in size to the 0.03/0.125, the 0.02/0.10, and nickel-titanium (Nitinol™. This unusual metal exhibits 
finally the 0.01/0.075 or drop down to the 0.01/0.075 taken 30 stress-induced phase-transformation of its crystal lattice 
to full length and then work up in the file sizes until the structure resulting in characteristics of superelasticity, 
0.04/0.15 goes to length. When the files of narrower taper allowing large-diameter Nitinol files to work around root 
are embedded at least halfway into a canal, the canal walls canal curvatures that would be impossible with stainless 
will then support narrower less robust file sizes and prevent steel. Nitinol' s elastic memory also allows, in one arrange- 
ment from buckling. Therefore this set of negotiating files 35 ment of the invention, curvatures to be preset in the file 
should kink less upon initial entry, and provide greater during the manufacturing process. By heating and cooling 
tactile awareness and control of instruments in the tortuous files made of mis metal, different curvatures can be present 
apical regions of canals. Additionally, the 0.025 mm in the metal so that the desired shape is "remembered", 
increases in tip size circumvent the problematic 50% jump allowing the file to straighten in the relatively uncurved 
in tip diameters between ISO-standard file sizes #10 and 40 coronal portion of canals and recurve itself when the file tip 
#15. Progressing to full length in constricted canals with this moves deeper and encounters apical root canal curvatures, 
negotiating file set, from sizes 0.075 mm to 0.10 mm to When added to a Hedstrom- fluted taper file, a preset file 
0.125 mm to 0.15 mm, is effortless as a result. bend directed toward its safe edge causes the Nitinol version 

The fourth important difference between the present ofmis shaping instrument to automatically seek the inside of 
invention and the art is that shaping files constructed accord- 45 canal curvatures with its non-cutting side, thereby effort- 
ing to the teachings of the present invention can be safely Iessly preventing lateral perforation, 
used in curved canals and/or thin roots in spite of their The seventh aspect of the present invention involves an 
greater rates of taper. This is accomplished very effectively improvement in the shape of the handle provided for files of 
by the specification of progressively shorter flute lengths as the invention. Standard file handles conventionally have a 
files in a set have progressively greater tapers, thereby 50 narrowed waist portion with enlarged diameters at both ends 
limiting their maximum flute diameters. Without this of the handle. This is to accommodate a push-pull action in 
feature, the shank-end flute diameters of variably-tapered conventional use of the file. Handles in accordance with the 
shaping files become wider and stiffer as the tapers of these present invention have an end diameter smaller than the 
instruments increase, and their potential for lateral perfora- waist of conventional file handles, and they taper to a 
lion or weakening of the root increases as well. 55 larger-than-cooventiooal diameter near the file shank, where 

While limiting the maximum flute diameter of these the file is embedded in the handle. Since the file is designed 
increasingly tapered shaping files allows their safe use, this to cut with apically directed rotary forces, the shape of the 
feature is extremely important in a broader sense. Using a handle enhances operator comfort and reduces the force 
single shaping file instead of the usual 15-13 instrument set necessary to cut the desired shape into the root structure 
means that the final shape through the full length of that 60 around the original canal. This "pear-shaped'' handle also 
canal is pre-defined, unlike the shaping result when six enhances the use of standard ISO K-type files used with 
different sizes of Gates-Glidden burs are used progressively apically-directed cutting motions, 
shallower in the coronal portions of the root canal. It is Eighth, one of the most important improvements over 
extremely common for Gates-Glidden and Peezo burs to be existing art is the provision of a coherent system of irrigating 
used too deeply in thin roots, risking weakening and perfo- 65 cannulas, paper points, filling materials and instruments, and 
ration. Simply limiting the maximal flute diameters of restorative posts which relate to me shapes of corresponding 
shaping files allows, for the first time in the field of shap Log files and thus to the pre -de fined ct nil shapes created 
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by these tapered files. Specific and isolated improvements in into the empty canal region and, as a beating cycle is 

root canal preparation and filling techniques often create initiated, the heat carrier tip is withdrawn from the plug as 

more procedural problems man they solve, as clinicians the pluggcr is simultaneously used to push the recently 

must somehow fit this new technique nuance into their usual softened plug into the canal space, 

procedural flow. The present invention incorporates an iule- 5 

grated system of variably-tapered shaping files and BRIEF DESCRIPTION OF THE DRAWINGS 

similarly-tapered implements and materials which work A bcUcc underslaoding ot lhc prcscol mvcnlion bc 

together. Any canal which has been shaped by an 0.06 fcaIizcd from a COQsi(JcralioD of mc folIowin dclailcd 

mm/mm tapered shaping file can, without ^ further thought, be dcscriptioQf lakcn iD conjunction ^ thc accompanying 

cone-fit, dried, obturated and restored with instruments and 10 draw j 0&s ^ wn i cn: 

materials manufactured to thc same shape, thereby enhanc- . " , . 

... e ... « .t v „«i ^- FIG. 1 is a somewhat schematic view of a root canal in a 

mg the safety, ease of use, and results of thc clinical practice . » rrN . n , , . ' , 

of endodontics ' portion to bc removed during root canal 

— . . - fJ , ■ « shaping procedures shown in broken lines; 

Finally, the present invention includes an obturation tech- J__ ; • »- 

nique which utilizes variably-tapered electric heat pluggcrs 15 ™' ^ ! " C ° nVCDtl ° nal K4y "* fdc; 
to downpack and backfill root caoals in single waves of FIG. 2 is a schematic representation indicating the final 
condensation, dramatically reducing the technical complex- intrusion of thc tips of each of eleven conventional files into 
ity and number of instruments needed over the traditional »he root canal of FIG. 1, illustrating the conventional step- 
Vertical Condensation of Warm Gulta Percha Technique. back technique; 

There are two embodiments of this invention which are M FIG. 3 is a schematic view of the conventional file of FIG. 

useful, one to be used in canals shaped and cone (it by 1A being used to clean and shape the root canal, and 

traditional means, the other to be used in the pre-defined specifically illustrates both the perforating and ledgiog of the 

preparations created by variably-tapered shaping files. In the root canal; 

first instance, serial step-back instrumentation procedures FIG. 3A is a view like FIG. 3 except that it illustrates the 

are used to impart a tapered shape to a given canal after 25 damage which may result from misuse of a Gatcs-Gliddcn 

which a non-standardized guttapercha cone is fit in the canal bur; 

and cemented with sealer after the canal is dried. Instead of pic. 4 is a schematic view showing one of a series of 

using a standard untapered electric beat carrier, 5 pluggers, variably-tapered implements in accordance with the present 

and 4-5 waves of condensation as needed in the Vertical invention; 

Condensation of Warm Gutta Percha technique, the Con- 30 pT CS> 4A and 4B arc schematic views fllustradng two 

tinuous Wave of Condensation technique requires only a different fiute-lo-shank transitional configurations of the 

single tapered electric heat plugger and a single movement implement of FIG. 4 designed to eliminate gouging of 

of the heat plugger through the pre-fit gutta percha cone to ^ C anal walls by the large sbank-end cutting Qutes; 

accomplish the same quality of result. Tne key to this nQS ^ fa 4£ arc ^ fllus(fali 

technu^ueisthatmeeW 3* different C ross-sectionaI flutc designs of the implement of 

and the heat ^luggers in this set have the same shapes as the nG 4 whfch me sha cffi £ from 

non-standudized gutta percha pomts which are fit in tapered ^ {q ^ ^ ^ £^ 

canal prepaxatons. Generally speakmg climaans fit gutta ^ £ J ^ ^ 

percha pomts with slightly less taper than the root canal ^ ^ Qnal B waU 

preparation, therefore a heat plugger with the same taper as 40 * °\ . . ...... 

Ihe gutta percha point will by definition fit that canal shape. « » in elongated schematic : view of the radiused 

In the other embodiment of the present invention, the J*? ™^ m l* of , nG ' 

iu uk. uiuw ^uiuv^ijumt lu a* • which blend into the fully-sharp cutting flutes shghlly back 

electric heat pluggers have the same or near y the same ^ cQd ' ^ I 

configurations as the vanably-taperedshapmg files. This can A „ . . . ■ , 

provide a more ideal obturation result as canal shapes are 45 ™. 4G is a schematic view showing one of a series of 

more precisely controUed throughout their length with this vanably-tapered files of the present invcnnon wherein the 

shaping method, therefore insuring a more precise match of helical cutting flutes spiral in the reverse, or counterclock- 

canal shape and heat plugger. Because of this close fit of ™* <^? ll ° a \° aU ° w t apically-duected cutting to be 

these pluggers to the pre-defined canal shapes the hydraulic accomplished with a clockwise rotary mouon; 
pressures exerted on the thermosoftcned gutta percha and 50 nG - 4H 15 a schematic view showing the shank end of one 

sealer cement are more effective in their ability to fill lateral a series of shaping files of thc present invention with a 

and accessory canals off the primary canal. As the heat latch-grip shank for use of the file in a slow-speed handpiece 

plugger is moved through the recently softened gutta percha, «*tead of * handle to be grasped with clinician's fingers; 

it eventually binds the canal short of its terminus and the Views A and B of FIG. 5 are schematic views illustrating 
downpack is completed. The tip diameter of the heat plugger 55 a set of standard ISO-tapered files, each equipped with a 

determines this apical endpoint of the downpack and it is handle in accordance with the present invention; 

chosen to terminate 3-5 mm from the canal terminus. FIGS. 6A through 6C are schematic views illustrating the 

In thc second part of this filling technique, there are potential for the gouging of curved canal walls with a 

pre-formed gutta percha backfilling plugs, which match the terminal shank-end flute (FIG. 6A), and two variants of my 
vacant space left after the downpack is completed; and a 60 design which will eliminate gouging and maintain smooth 

different electric heat carrier/plugger device with which to continuous canal preparations; 

heat soften and compact thc backfilling plug into the coronal FIG. 7 A is a schematic view or four implements making 

aspect of the canal. In preparation, the narrow heat carrier tip up a set constructed in accordance with my prior U.S. Pat. 

is extended beyond the plugger tip and is inserted into a No. 4,836,780, but with handles corresponding to my 
groove or passage in the backfilling plug after which a short 65 present invention, wherein files of varying taper have similar 

burst of heat fuses the plug to the backfilling device. The flute lengths and increasingly greater maximal flute diam- 

device with its attached gutta percha plug is then placed cold eters; 
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FIG. 7D is a schematic view of four implements making FIG. 18A is a side elcvational view of an improved heat 

up a set constructed in accordance with the present carrier/pluggcr in accordance with my invention; 

invention, with each file of greater taper having progrcs- na l8B fa a xhcm , iic rcprcscnlalion of lhc hcat cuda , 

sively shorter lengths of cutting flutes thereby limiting , he pluggcr 0 f FIG. 18Ain ^different versions corresponding 

maximumdiameerofthecanalpreparationrcgardlc^ 5 to two different versions of gutta percba points; 

length and extent of taper; \ 

FIG. 8A is a schematic view of a molar with files from « ( VICW * A > B and . C ) represent the use of the heat 

FIG. 7A, showing the potential for lateral perforation of carner/plugger of FIG. 18 A in packing gutta percha material 

roots with variably-tapered files having similar flute lengths; inl ° a moi caDa1 ^ 

FIG. 8B is a schematic view of a molar tooth and Gles 10 FIG. 20 (views A through D) are schematic views illus- 

from FIG. 7B, showing the advantages of shorter flute trating a tapered heat carrier/plugging tool as it is used to 

lengths with greater file tapers; soften and downpack through a prcfit gutta percha cone in a 

FIG. 9 is a schematic view illustrating a set of four files continuous wave of condensation, sealing the root canal 

of the same taper, but with increasing shank diameters and system; and 

the different flute lengths which result; w FIG. 21 (views A through E) are schematic views illus- 

FIGS. 10A and 10B arc schematic views illustrating the traling a backfilling device, the associated backfilling gutta 

appropriate use of the files of FIG. 9 in roots of different pcrcha plug> and its healing ^ compaclicm inl0 lnc corona i 

diameter; two-thirds of the root canal. 

FIGS. 11A, 11B and 11C are schematic views illustrating 

the serial use of different files of FIG. 9 to sequentially 2Q DETAILED DESCRIPTION OF THE 

enlarge a single canal; ' PREFERRED EMBODIMENTS 

FIG. 12 schematically illustrates a set of variably -tapered 

Hedstrom files with safe edges as disclosed in my prior U.S. ? efore describing the present invention, it may be helpful 

Pat. No. 4,836,780, but with flute lengths which become «° b "f V lhe root "" aI P ro «^ » shown in FIGS, 
shorter as the file tapers become greater, „ *" 3 ' HG ' 1 * 10 l^ated in the bone 12 of a ja w. 

FIG. 13 schematically illustrates a set of ISO-tapered ^J" 10 - " " 'T^^rt ^TS" 1 ? 

Hedstrom files with flute lengths becoming progressively ^ D J ^h 10 is cu on the side of the ^ 

, , . . . interior .side of the jaw (not shown), which openine is 

shorter as lhe Up dumeters become greater; ^ ^ > P « 

FIG. 14 schernatical y derates a set of vambty-tapered exteadi , Q lhe u of ^ (0o|h 1Q ^ . 
K-lype files with flute lengths which become shorter as the 30 Done ^ 
file tapers become greater; 

-i « . n -I , . . rci ... • | Also shown in FIG. LAisaK-type file20,havinaahandle 

HO 15 schemaucajly fll^ntes a set of files with a sing e ^ • * ™ 

non-ISO taper with flute lengths becoming progressively . . r * , v . # . . Z Y ■ * 

shorter as the tip diameters become greater? fh'^ v y* n tj 1 *™ 6 J^t » standard file of 
rrr «a • j. • f e a r«tm ci *e this type, X-16 mm, Y-032 mm and Z vanes with the size 

^ ^A* a ^ ° f °°?i, 0E - a ? n oflhefiJe,beginnmgwith0.06mmforthesmaUestfileand 

configured for use in a handpiece, with views . A. B and C ^ m * fof ^ h ^ ^ 

showmg the aoss-secnons at different points in the file; $harp ^ which k necdcd ^ cicfa suco;ssivc ^ |n a 

FIG. 15B (views A through E) arc sctemauc views of a scries has a krger diameter at the tip. It should be noted that, 

set of negotiating files of different Up diameters, different whilc mc discussioa of lhc prior an uses as an example a 

tapers and equal flute lengths; * K . lypc filc> it ^ applicable to other configurations of 

FIG. 16 (views A through F) are schematic views lllus- Uke-tapcred root canal file designs, 

trating the formation and fraction of preset curvatures in Referring now to FIG. 2, the file 20 is shown inserted into 

nickcl-UUmum root canal files; . . the root canal 16, which is enlarged from the view shown in 

FIG. 17 (views A through 0 are schematic views illus- nG t With conventional files, the step-back technique 

trating a particular set of elements of the Buchanan Endo- discussed above is used, with each progressively largerfilc 

dontic Treatment System; bcing inserted shallower and shallower into the root canal 

FIGS. 17A and 17B arc schematic views illustrating ^ numbers along the root canal 16 near the tip end of 

non-ISO tapered files with clockwise and counterclockwise the root canal 16 represent the maximum extent to which 
flute direction; 5Q different size files are inserted, with file sizes from 10 to 60 

FIG. 17C is a schematic view illustrating an irrigating (representing tip diameters from 0.10 mm to 0.60 mm) being 

cannula with a taper matching the taper of the shaping files used. As mentioned above, a minimum of nine to eleven files 

in FIGS. 17A and 17B; arc required, with 15 to 17 instruments more frequently 

FIGS. 17D and 17E are schematic views of paper canal being necessary, 

drying points and gutta percha filling points, respectively, 55 Referring next to FIG. 3, the file 20 is shown inserted into 

with tapers matching the taper of the shaping files in FIGS. a root canal 30 in a molar tooth 32. As is apparent, for the 

17A and 17B; molar tooth 32 a hole 34 to admit the file 20 is present in the 

FIG. 17F is a schematic view illustrating an electric heat biting surface of the tooth 32. Since the file 20 was too large 

carrier/condensing tip with a taper matching the taper of the and not curved enough, it has perforated the curved root 

shaping files in FIGS. 17A and 17B; 60 canal 30 at the location indicated by the reference numeral 

FIGS. 17G and 17H are schematic views illustrating 36. As mentioned above, perforation can also occur when 

plastic and metal gutta percha filling carriers with tapers the file 20 is not pulled against die outside curve of the root 

matching the tapers of the shaping files in FIGS. 17A and canal 30 by using the anti-curvature motion discussed 

17B; above. 

FIG. 171 is a schematic view illustrating a retentive 65 Another problem shown in FIG. 3 is that the dp 24 of the 

restorative post with a taper matching the taper of the file 20 has left the root canal 30 and cut a ledge along the 

shaping files in FIGS. 17A and 17B; outside curvature of the root canal 30. Succeeding files may 
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well become trapped in ibe ledge also, and will not properly This shank guide embodiment is separated from the largest 

clean and shape the root canal 30. The present invention flute by a distance 69 which allows a chip space for tooth 

eliminates both perforation and ledging of a root canal, and dust to collect after it is cut from the canal walls during filing 

in addition makes the root canal operation quicker and easier procedures. The shank guide diameter is only slightly 

to perform. 5 smaller than the largest flute diameter 62 of a given file, so 

FIG. 3A illustrates a similar problem which may be that it may guide that largest cutting flute without binding 

encountered when using an engine-driven bur. As in FIG. 3, the prepared canal wall as the instrument progresses deeper 

FIG. 3A depicts a molar tooth 32 with a root canal 30 in the root as seen in FIG. 6C. 

accessed by a provision of a hole 34. Instead of the file 20, In FIG. 4 the angle of the flutes relative to the longitudinal 

a Gates-Glidden bur 37 is shown working in the root canal JQ axis of the shank varies along the length of the files as is 

30, driven by a power head 38. As is shown in FIG. 3, the apparent from a comparison of the angle a, indicated by the 

bur 37 has perforated the curved root canal 30 at the location broken line 70, with the angle (3, indicated by the broken line 

indicated by the reference numeral 36. 72. Thus the flute angle near the larger diameter shank end 

FIG. 4 shows a tapered shaping file 50 in accordance with " reamer-tike, while the flute angle at the file tip is more like 

my inveotion having a handle 52 in which is affixed a shank 15 a K * filc flulc an gl c - 

54 terminating in a working poruoo 56. The handle 52 has This flute design answers two critical challenges encoun- 
a hole 58 extending through it near the proximal end for the tcred when using a single shaping instrument to create a 
insertion of a safely retraction loop. As indicated, the shank canal shape previously imparted with from 15 to 13 con- 
54 has a diameter which is slightly less than the maximum ventional instruments. Optimal function of this type of 
diameter B of the first flute 62, with transitional lands 66 ^ instrument requires enhanced cutting efficiency and flexibil- 
extending between the first flute 62 and the smaller diameter ity at the larger shank end, and maximal strength at the more 
file shank 54. The working portion 56 comprises a plurality fragile file lip. Fortunately, tapered canal shaping objectives 
of flutes 60, each being provided with cutting edges about require less dentin removal apically; therefore the optimal 
the periphery, diminishing in diameter and sharpness and tapered shaping file design can sacrifice apical cutting 
increasing in pitch with distance from the first flute 62. The ^ efficiency for added strcnglh. The K-type flute angle pro- 
tip 64 is smooth, without any cutting edge, and has a vides this. 

diameter C which is slightly smaller than that of the last flute In this embodiment, the flute pilch is 0.5 flutes/mm (one 

60 which transitions by the land 65 to the tip 64 (FIG. 4F). flute in two millimeters) adjacent the largest diameter flute 

While any or all of the shaping instruments described in 62 and two flutes/ram or four flutes in two millinjetcrs 
the present invention may be mounted in a latch-grip shank 30 adjacent the tip 64. The 1 ratio of flute pitch at the sbanK to 

81, as seen in FIG. 4H, and operated in a dental handpiece, flute pitch at the^(tne^overall flute pitch ratio) is four in 

FIG. 4 shows the handle 52 of my preferred embodiment, the FIG. 4 embodiment. The flute pitch ratio, denned as the 

formed in the shape shown between two opposed planar flute pitch at any point along the working portion of the file 

surfaces 76 and 84. These planar surfaces are 2 mm in reladve to the flute pitch at the tip, diminishes linearly along 
diameter. From the boundary of the surface 76, the handle 35 the length of the working portion of the file. Thus, in the 

enlarges through a smooth curved region 78 to its maximum embodiments of FIGS C 4^V-4E theflute pitch ratio dimiur 

diameter of 6mm at the point 80. In a section 82 between the ishes linearly from four- at the sbanMo oaVat the t$? Otter 

maximum diameter 80 and the proximal end 84, the handle ratios may be selected for other file sets, if desired, but a 

tapers linearly and is scored all around with a plurality of linear decrease in flute pitch ratio from shank-to-lip is u 

tapered grooves 83. The transverse plane at the maximum 40 preferred. V-'P V<& < -*^ c *^*^' 

diameter 80 is spaced 2mm from the planar surface 76 and Similarly, the sharpness of the cutting flutes may be 

the distance between the plane of the maximum diameter 80 decreased from shank to tip, decreasing the chances of a 

and the proximal end 84 is 8 mm, the overall length of the cutting flute near the tip catching in a canal wall which easily 

handle 52 being 10 mm. The grooves 83 and the shape of the causes file breakage when the file is used in a rotary cutting 
scored, tapered section 82 provide an enhanced gripping 45 motion. The result is increased cutting efficacy near the 

area for the user's thumb and fingers to facilitate applying shank end flutes where more dentin removal is needed and 

torque to the file as it is moved into the root canal toward the where the file has its greatest diameter and strength. This 

apical region. The shape of this handle 52 is to be contrasted variable dulling may be accomplished by a number of 

with the shape of the handle 22 in the conventional file 20 means, including an increasing "IT blade as taught in the 
of FIG. 1A which is designed for push-pull cutting and Va 50 Arpaio, Jr., et al U.S. Pat. No. 4,934,934 (see FIG. AC), a 

turn-pull cuUing motions, rather than apically -directed coun- progressive flute edge radius as seen in FIG. 4D, or a 

terclockwise rotary cutting action. different flute rake angle as seen in FIG. 4E. 

The embodiment as shown in FIG. 4 has a diameter B FIG. 4F shows an enlarged view of the file dp. The file 

equal to 1.0 mm, whereas the dimension A, the diameter of tapers to a blunt or radiused tip 64. As the slightly-smaller 
the shank 54, is 0.95 mm. By providing the shank with a 55 blunt tip blends into the cutting flutes of the file, the 

slightly smaller diameter A than the diameter B of the first non-cutting tip transitions into lands 65, and finally into 

flute 62, binding of the file shank in a root canal is avoided. fully-sharp flutes 60. The blunt tip prevents apical ledging 

However, if the diameter of the shank 54 is too much smaller and the transitional lands prevent transportation of the apical 

than the diameter of the first flute 62, the file may be canal path during shaping procedures. These are important 

weakened at that transitional point, and the largest shank- 60 features when using a single file to create the full canal 

end flute may transport the original path of the canal, as seen shape, as the aggressive more-coronal dentinal cutting 

in FIG. 6A The transitional lands 66 seen in FIGS. 4A and decreases the clinician's tactile awareness of file tip func- 

6B extending from the first flute 62 to the shank 54 help to tion. As described below, file tip diameters may be consistent 

guide the file in the root canal and limit divergence of the between sizes of file tapers, or may vary between file taper 

first flute from the preparation path. 65 sizes. 

FIG. 4B shows an alternate embodiment with a shank FIG. 4G shows the files in FIGS. 4 and 4F with cutting 

guide which is separate from the cutting flutes of the file. flutes 57 spiralling in reverse direction to aid the use of 
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apicaily-directed counter- rotary filing. As most dentists use enlargement in (be coronal part of the root canal. Creating a 

their handpieces in the clockwise direction and are used to single rate or taper through the full length of the root canal 

filing in a clockwise direction, the reverse flute direction is not only unnecessarily difficult, but it needlessly weakens 

shown in this embodiment allows clinicians to rotate their root structure and risks perforation through over- 
handpiece files or hand files in the clockwise direction they 5 enlargement of curved roots as seen in FIG. 8A 
are used to and still gain the advantages of apicaily-directed FIG- 9, views A-C, shows a non-lSO-tapcrcd file series 

counter-rotary filing motions. 90 having the same tapers but different maximal diameters 

FIG. 4H shows the files 50 in FIGS. 4 and 4G mounted in 92 \ 94 ' ! nd t ' 6 - These variations are useful when treating 

a lalch-grip slow-spced handpiece attachment 81, although ^ts of different widths, files 90A and 90B being 

these fiks may be effectively powered by mechanical, sonic » •» «J™te, uTlfj i^"? ""V 

,. . / . . .. r ; fL , . « average width (FIG. 10 A), and file 90C addressing a wide- 

or u trasonic handpieces with any yp< s of ha ndptece attach. roolcd t00lh (no ^.Additionally this file set may be 

mcntmcludmgva^ uscd scqucnl v iall in / hc same ro J M sccn . 

and 4, respectively, which may be accepted by specifically ilA-LLC, to serially enlarge the canaL 

designed endodontic handpieces. u shows a variably . lapcrcd Hc dstrora file series 

Views A and B of FIG. 5 are schematic views illustrating " 100, each with SAFE EDGE™ 102 as disclosed in my prior 

a set of two standard ISO-tapered files 20, each equipped U.S. Pal. No. 4,836,780, but with the additional safety 

with a handle 52 in accordance with the present invention. feature comprising shorter flute lengths 104 as the tapers 

With the advent of the Balanced Force cultiog motion for increase. This is an important modification for the reasons 

root canal instruments, clinicians are no longer pulling files discussed in connection with FIGS. 8A and 8B. 

out of canals to cut dentin. Using this counter-clockwise 20 FIG. 13 shows an ISO-tapered file series 110 with flute 

cutting motion the files are only directed into the canal lengths becoming progressively shorter as the tip diameters 

during dentinal cutting, making the standard hour-glass become greater. 

handles which are commonly used less effective. Unlike the FIG. 14 shows a set of variably-tapered files 120 which 

present invention, the standard handles 22 are too narrow to nav e the same or nearly the same tip diameters with tapers 

gain much leverage in rotary cutting motions, and most 25 which increase proportionally by 100% from each file to the 

bothersome is the discomfort experienced after holding them ™*l£* « xam P Ic ' file mA na * a ^ of 0.05 (mm/mm); 

tightly for an hour or so in a tough case. Pushing apically on file ™? ™ * £Sl r of 01 mm 2 filc mc has a la P cr of 0 2 

a standard handle 22 is like squeezing a BB shot between ™ ™ c 120 ? ha jJ ■ la P cr ° f 04 mm ; 1 > i$ ^ Uows * short 

one's fingers, which can be decidedly uncomfortable. The ™S C °f ta .P crs to addrcss * ,a * c vanatl0n * <°ot canal 

handle 52 (FIGS. 4 and 5) is wide enough to afford easy 30 ff 1 ^* f C1 „ A . . . , 

rotation and is comfortable to hold when applying strong " G JE STJAlS k • * • 8m ? k u° nAS ° 

apical forces to shaping files. * pC flutc bcconuD * progressively shorter as 

.piai rorew » soaping mc*. mc hp diamclcrs become proportionally greater. In this 

FIG. 6Ais a schematic view illustrating the potential for example, the tips increase 100% from one file to the next, 

the gouging of curved canal walls with a terminal shank-end 35 file 130A having a tip diameter of 0.15 mm, file DOB having 

flute 62. As was called out in FIG. 4, the non-fluted shank a tip diameter of 03 mm, file 130C having a diameter of 0.6 

54 of these files is slightly smaller than the terminal shank- mm and file 130D having a tip diameter of 12 mm. This 

end flute, to provide chip space and prevent binding around allows a smaller set of instruments to address a wide range 

canal curvatures. This proved to gouge the outside of canal of variation in canal morphology without weakening the root 

curvatures in prototype testing; therefore it was concluded ^ by overshaping. 

that some functional design element was needed to support FIG. 15A shows a single "IT blade filc of a set of "IT 

the terminal flute 62 as it traverses severe canal curvatures. blade files like that shown in FIG. 15, the files all having the 

FIGS. 6B and 6C, corresponding to FIGS. 4A and 4B, samc non-ISO taper. The tips vary in diameter by propor- 

respectively, represent two alternative variations in design tio Qa i increments as described in the Schfldcr U.S. Pat. No. 

which eliminate gouging and maintain smooth continuous 4S 5,017,138 

canal preparations. FIG. 6B shows a transitional land 66 ' rq. 15B> ^ A mrou ^ ^ shows a M of negotiation 

the terminal flutes and the smaller shank 54 of the fllcs 140 wnich m ivcn lQe dcsignadoa numbc £ 07/01 

t? Sh °^. a *"* Ji°L 68 c f n fl lhc S ^ ank 10/02, 12/03. 15/04 and 17/05. The first number corresponds 

54 of the file at a distance 69 from the terminal flute 62 to t0 tip diameter which increases from 0.075 mm for file 140A 

support the terminal flutes as they cut around canal curva- ^ l0 0 175 mm for filc 140B m increments of 0.025 mm. Each 

mrcs ' of the files has a flute length of 16 mm. The maximum flute 

FIGS. 7A and 7B show two series of files 50 which are diameter increases proportionally from 0.235 mm for file 

identical in taper for corresponding files in the two figures, 140A to 0.975 mm for file 140E. Tapers increase in 0.01 

except that the extent of the taper of the flutes in the working mm/mm increments from file 140A with a taper of 0.01 

portion 56 and the lengths of the working portion are 55 mm/mm to file 140E with a taper of 0.05 mm/mm. 

different. As is apparent in FIGS. 7A and 7B, the tapers of ^ assortment of increasing tip diameters and tapers 

the flutes in the working portion 56 of the files 50A and 50E with increasing file size allows a 0.15 mm file maximal 

shown are less than the tapers shown in files 50D and 50H. stiffness which is needed when attempting to find and enter 

In FIG. 7B, the working portion 56 in file 50H is shorter than a n occluded calcified canal prior to shifting to a 0.075 mm 

that in file 50E, thereby limiting the diameter of the largest M file which provides the maximum tactile response when 

shank-end cutting flutes, an improvement over the files seen negotiating the often tortuous terminal aspect of a canal after 

in FIG. 7A without the variable flute lengths. coronal enlargement with the larger file. The intended pro- 

As may be seen from a comparison of FIGS. 8 A and 8B, cedure with the negotiating files 140 in the set of FIG. L5B 

it has been determined through clinical practice and research is to begin with a larger file which is suited to initial 

that, although different root canal morphologies may require 65 penetration and then shift to smaller files which are suited to 

different apical tapers in their final preparation shape, the work into the apical region after the initial opening is 

great majority of canals only need a certain amount of cleared. 
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Views A through E of FIG. 16 schematically represent a which possesses the property of changing color when moist- 
file 150 which is pre-shaped in accordance with an aspect of encd. While paper points do not noticeably change color 
my invention. The files 150 are manufactured of a nickel- when wet. However, a colored paper point possesses the 
titanium alloy called Nitinol™. This alloy is a metal with a capability of displaying the length of the root canal in those 
"memory" which has the capability of retaining a given 5 instances were the root canal is kept patent to its tcrraious, 
shape, once established. After the files are fabricated from in which case the paper point can be inserted beyond the 
Nitinol™, the tips arc shaped to the preferred degree of terminus to be moistened by jaw tissues apical to the tooth, 
curvature in an implement 152 and are held in that shape There is also a telltale indication if the canal is not cora- 
during an annealing step. This develops the "memory" of the pletely dried. Good results have been obtained with salmon- 
curve near the end or throughout the length of the file. The 10 colored, aqua-colored, beige-colored and green pastel- 
file 150 is superflexible for the first two-thirds of its length colored paper points which exhibit a definitely noticeable 
while the hook at the end makes it easier to direct the file change of color when moistened. Thus, the paper point 220 
down into the apical region of the root canal, particularly may be considered to be colored in one of the shades in the 
where the root is rather tortuously curved or twisted. These group of green pastel-colored, salmon-colored, aqua-colored 
files 150 are to be provided in sets according to the variable is and beige-colored in preferred embodiments of the inven- 
tapcrs disclosed herein with respect to ISO-tapered files tike lion. For convenience in selecting corresponding files, the 
that shown in FIG. 1A or sets of non-ISO-tapercd files handles of the files may be provided with corresponding 
having similar tapers as shown in FIGS. 13, 15 and 15 A and colors." 

the corresponding descriptions thereof. The sets of files 150 View 17E of FIG. 17 represents a gutta percha point 230 
may also have varying degrees of curvature between sets or 20 having a taper corresponding to the files described herein- 

frora one file to the next in a set. Thus, there will be a set of abovc beginning at a point 232 and terminating at a fine 

files 150 having a first prc-set curvature, another set of files po i Q t 234. After the paper point 220 is used to dry the 

150 having a different pre-set curvature and additional sets intcr ior of the root canal, a gutu percha point such as 230 is 

of pre-shaped desired corresponding to any desired curva- pushcd - mto lhc apical rcgioQ and packcd (igm!y {Q fiu ||w 
turc or shape. 25 Z p iai \ region of the root canal. It is important to note that the 

View F of FIG. 16 shows a file 151 having dulled cutting shank end is not tapered, reflecting the maximum flute 

edges 153 along one side of the file. The file 151 is diameters of corresponding files shown in FIG. 17 A. 

constructed of Nitinol™ and pre-curved as are the files in View 17G of FIG. 17 represents a gutta percha obturating 

vie ws A through E of FIG. 16 but the curve imparted into the carricr 2 40 with gutta percha filling material 246 installed 
memory of the file during the fabrication process extends » lhcrconi ^ carricr 240 lapcR fa mc mjmocc prcviousl 

^S^L? 5 fl , UtCd ? ^° n ' ^S™ 1 ™ of a SA ^ described, beginning at the corresponding point 242 and 

EDGE ™ file of my pnor patent insures that the non-cutting continuing to its termination at the tip 244. Conventional 

side of the flutes automatically follows the inner side of the obturating carriers are smoothly tapered from shank to tip 

curved root, thereby further protecting against perforation. Asel of such carriers may be provided to match the shapes 
Turning now to FIG. 17, views 17C through 171 sche- 35 described hereinabove for the sets of files 50. However, in a 

matically represent different types of implements which are variant of this embodiment, 1 propose an obturating carrier 

to be used with correspondingly shaped files, such as the provided with flutes along its tapered portion, essentially 

files 50 in views A and B, in systems in accordance with the like the flutes 60 on the file 50 in view 17A except for the 

present invention in the preparation and filling of a root direction of the spiral. It will be understood that view 17H 
canal. (Note that the flutes of file 50 in view B are formed 40 may be taken to schematically represent such a fluted region 

in a counterclockwise direction, opposite to the file in view between the point 242 and the tip 244. Along this fluted 

A.) Each of these implements is designed to be provided in region, the flutes are in a counterclockwise spiral, viewed 

a set, corresponding to the sets of files of varying tapers as from the proximal end of the carrier 240*. This obturating 

described hereinabove. carrier has similar shapes as the files in views A and B and 

View 17C of FIG. 17 represents an irrigating cannula 200 * l may be used alongside a previously fit gutu percha cone, 

comprising a shaft 202 mounted in a head 204. The cannula 1° thermoplastisize the gutta percha, or the carrier may be 

200 has a hollow bore 206. The shaft 202 is tapered, coated with pre-heating alpha ancVor beta phases gutta 

beginning at the point 208, and terminating in a fine tip 210. percha and carried into the canal. By running the carrier 
The tapered shape aids in displacement of fluids throughout ^ handpiece, the carrier backs out of this canal, leaving canals 

the length of the canal, providing a more effective way to fiUed with the material. 

freshen the irrigation fluids at the end of the canal than Finally, view 171 of FIG. 17 represents a restorative post 

irrigation cannulas currently available. Transverse opening 250, tapered as described beginning at the point 252 and 

212 communicates with the hollow bore 206 to permit continuing to its termination 254. The end 254 is not as 
irrigating fluid to be directed into the apical region of the 55 finely pointed as is shown for the cannula 200, paper point 

root canal to remove debris developed by using a set of files 220 and gutta percha point 230 because its tapered length is 

such as 50 (FIGS. 4 and 5). A set of variable taper cannulas shorter than those other implements. The restorative post 

is provided to match the variable taper files such as 50. 250 is designed to be anchored in the root canal at a position 

View 17D of FIG. 17 represents a paper point 220 which snort °f terminal end of the canal 

is used to dry a root canaL The paper point 220 is shaped « FIG. 18A is a schematic view of a heat carrier/phigger 

similarly to the files, as described hereinabove, and has a tool 260 modified in accordance with my invention. This 

corresponding taper beginning at the point 222 and termi- tool is shown installed in a handpiece 262 (in broken outline) 

nating at a fine tip 224. Aset of paper points 220 is provided having a chuck 264 (also in broken outline) for tightening 

to match the variable taper files such as 50 (FIGS. 4 and 5). the tool 260 in the handpiece 262. 

Commercially available paper points are invariably white. 65 The heat carrier/plugger 260 has a gooseneck bend near 

I have discovered, however, certain beneficial results from the point A leading to a straight section terminating in an 

using colored paper points, preferably in a pastel shade extended tapered tip 266. A condensing portion 265 is made 
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of stainless steel with a hollow core through which a seal necessary for a closed system within which to exert 

conductor (not shown) extends for providing connection to optimally controlled hydraulic compaction forces on the 

an electrical circuit. When the circuit is energixed, the heat-softcocd gutta percha and the less viscous sealer against 

stainless steel heater 265, being of relatively high resistance the canal wails. FIG. 20C shows the second move into the 

material, develops heat at the very end for softening the 5 canal as the heat carrier/p lugger 302 is extended out of the 

gutta percha material with which it is used. compaction sheath 304, beating aod plastically deforming 

When used in the practice of my method in filling a root the gutta percha and sealer into all dimensions of the root 

canal with gutta percha material in a single compression canal system. FIG. 20D shows the withdrawal of the tool 

wave, existing heat carricr/pluggers have a tendency to bend 300 from the canal after the extended heat carricr/plugger 

in the mid portion. I provide a thin stainless steel support 10 302 bottoms out near the apical terminus of the canal, with 

member 268 which is welded or soldered to the tool 260 the soft sticky surplus gutta percha and sealer removed from 

along the back thereof between the points A and B, along lhc canal on thc looL The canal is shown ready for restor- 

line 270. The shape of the support member 268 in the region * u \ c P? 1 P Ia «raent of the type specified in FIG. 17, or for 

between points B and C conforms closely to the shape of the backfilling with the tool and material shown in FIG. 21. 

nose of the chuck 264 of the handpiece 262 but is not afifixed ts f 10 - 21 f 10 *? anolh <* clcct " c hcal ™ "« of a configu- 

thereto. This permits the chuck 264 to be rotated during ' aUon / 0 affor ^ fa * ldcal backfilling of canals which have 

tightening and loosening of thc shank of thc tool 260 while been down packed but not r^stefHG. 21A shows a pre 

limiting "1^? f,h P I 8 ? , aP | C £i he T y 

...... ... f _r r .u . coronal part of the canal and a groove or ho e 231 to allow 

slightest bend brings the adjacent surface of the support kAtodu ^ on of lhc narrow dect f ic hcal ^ of nG 21fi 

member 268C mto contact with the nose of the chuck 264 2Q pjQ nB shows a l00 , 320 whefcby a narf0W> Ud facal 

and prevents any further bending. carricr 322 extends through the end of a hollow or notched 

FIG. 18B shows two versions of the heat carrier/pluggcr pluggcr 324. FIG. 21C shows a gutta percha plug 230 

tool 260 of FIG. 18A associated with respectively corre- mounted on the backfilling tool 320, and that set of tool and 

spending gutta percha cones. In the pair designated A, the materials placed in the empty coronal part of the canal with 
gutta percha cone has the traditional taper of presently used 25 scaler 326. FIG. 21D shows that same tool/material set after 

gutta percha cones. The heat carrier/plugger 260A is pro- heat has been created by the heat carrier 322, softening the 

vided with a taper which corresponds to these traditional end of the gutta percha plug 230. As the heat carrier tip 322 

tapers, thereby enabling the tool to be inserted into or near is withdrawn cocooally, the plugger 324 is pushed apically, 

the apical region of the root in a single wave of condensa- thereby condensing the gutta percha 230 from its tip to its 
lion. Io the pair designated B in FIG. 18B, the gutta percha 30 buu cod - F 10 - 21E shows lnc termination of backfilling as 

point is like the point 230 in view E of FIG. 17 with a taper tnc bcal caxricr li P 322 « ^ retracted into the plugger 324, 

beginning at point 232 and extending to the fine tip 234. The resulting in a dense obturation of the softened gutta percha. 

tapered portion 266 of the heat carricr/plugger 260B begins Although there have been described hereinabove various 

at a point 267 and corresponds to the tapered portion of the specific arrangements of an endodontic treatment system in 
gutta percha point 230. Use of the heat carrier/plugger 260 35 accordance with the invention for the purpose of illustrating 

in the canal filling method of my invention is represented lbc manner in which the invention may be used to 

schematically in FIG. 19. advantage, it will be appreciated that the invention is not 

In FIG. 19, the heat carrier/plugger 260 is tapered to limited thereto. Accordingly, any and all modifications, 

correspond to the shape of the canal which has been formed variations or equivalent arrangements which may occur to 
prior to the filling step. The taper may correspond to that of 40 ^ose skilled in the art should be considered to be within the 

.tool 260A for use with conventional tapered gutta percha of invention as defined in the annexed claims, 

cones prepared by using other shaping files or it may have What is claimed is: # 

the taper of the terminal portion 266 of the tool 260B, . 1- Aset of endodontic files for use in preparing root canals 

corresponding to the taper in the terminal portion of the gutta m lccth wherein the files vary in taper, one from another, 
percha point 230 (see FIG. 18B). As indicated in FIG. 19, as cach Wc comprising: 

view A, the gutta percha point is fully inserted into the root a shank; 

canal. The distal end of the heat carrier/plugger 260 is a tip; and 

inserted into the canal cervical region and energized to a flute portion which extends between the tip and the 

soften and permit the heated tip element 265 to move shank; 

through the gutta percha material within the canal. As the so wherein each of said files having a greater taper than 

tool 260 moves further into the root canal, it develops another one of the files in said set has a shorter flute 

hydraulic pressure which forces the softened gutta percha portion than said other file. 

material and sealer cement into the lateral branch portions of 2. The set of files of claim I wherein the shank of each file 

the canal, represented at 274. Finally, as shown in view C, has a proximal end, remote from said flute portion, which is 
the heat carrier/plugger 260 is withdrawn, leaving the lateral 55 embedded in a pear-shaped handle comprising a scored 

branches 274 and the apical portion of the root canal filled tapered section having an enhanced gripping area to facili- 

and sealed with the obturation materials. tate applying torque to the file in combination with apically 

FIG. 20 (views A through D) shows a tapered heat directed force, 

carrier/plugging tool 300 as it is used to soften and down- 3. The set of files of claim 1 wherein the shanks of said 
pack through a pre- fit gutta percha cone 246 in a continuous 60 files in the set are all of the same diameter, 

wave of condensation. FIG. 20A shows the electric heat 4. The set of files of claim 1 wherein in each file the 

carrier/plugger 302 withdrawn into its condensation sheath diameter of the largest flute in said flute portion is greater 

304 in preparation for heating and compacting gutta percha than the shank diameter and wherein the file includes a 

into the canal. FIG. 20B shows the first move into the canal transition portion extending from the largest diameter flute 

with the heat carrier on high heat level, with the tool searing 65 to the shank, said transition portion including a pair of lands 

into the gutta percha cone until the compaction sheath binds diminishing in diameter from the largest diameter flute to the 

the canal near its orifice level, thus creating the secondary shank 



